We calculate nuclear shadowing and Q 2 dependence of gluon densities within the framework of the Gribov theory of nuclear shadowing using as input recent HERA data on diffractive dijet and charm production in deep inelastic ep scattering. We explain that in the case of the deuteron and of the light nuclei (A ≤ 12) theoretical uncertainties in the calculations of shadowing are small. For the heavy nuclei the amount of shadowing is sensitive to the probability of small size configurations within wave function of the virtual photon, of the gluon partonometer at the normalization scale Q = 2GeV which violate the Regge pole factorization. At this scale for A ∼ 200 the nonperturbative contribution to the gluon densities is reduced by a factor of 4-5 at x ≤ 10 −3 . unmasking PQCD physics in the gluon distribution of nuclei. We point out the shadowing of this magnitude would strongly modify the first stage of the heavy ion collisions at the LHC energies, and also lead to a large color opacity effects in eA collisions at HERA energies. In particular, the leading twist contribution to cross section of * On leave of absence from PSU.
the coherent J/ψ production off A ≥ 12 nuclei at √ s ≥ 70GeV is strongly reduced as compared to the naive color transparency expectations.
It was realised long time ago that there exists a deep relation between phenomenon of high-energy diffraction and the nuclear shadowing phenomenon [1] . The Gribov theory unambigously expresses the term relevant for the shadowing of the parton distributions in the deuteron in terms of cross sections of diffractive processes in deep inelastic ep collisions. In the case of heavier nuclei gluon shadowing becomes sensitive to the existence of fluctuations of the interaction strength -the existence of color coherent phenomena-color transparency-color opacity phenomena. This sensitivity is rather small for A ∼ 12 where we predict already a factor of ∼ 2 reduction of shadowing. For larger A sensitivity to fluctuations steadily increases. However we find that the average interaction strength in the gluon channel is large at the normalization scale of Q = 2GeV so the contribution of average and larger than average interaction strengths into the cross section is determined by geometry of collisions and therefore strongly shadowed. Shadowing of these configurations is practically insensitive to color coherence effects in the parton distributions for x ≤ 10 −3 . As a result of shadowing of average(nonperturbative QCD interactions) the relative contribution of the interactions with small σ is strongly enhanced in parton distributions in heavy nuclei. We estimate possible effects of weakly interacting configurations] and find that they may contribute up to 50 case of heavy nuclei. Hence the measurement of diffraction of heavy nuclei may provide a sensitive test of the presence of these configurations.
1
In the case of charged parton structure functions (F 2A (x, Q 2 )) connection between shadowing and diffraction was explored for a long time, see [2] [3] [4] [5] [6] [7] [8] [9] [10] and references therein.
The importance of the unshadowed configurations in the shadowing phenomenon was first realized in [2] where this effect was estimated based on the QCD aligned jet model and included in the calculation of of F 2A (x, Q 2 ). In [11] we have have pointed out that it is possible to get a relyable information about gluon nuclear shadowing using as a tool diffractive production of charm. Here we extend these studies to calculate the Q 2 dependence of the gluon shadowing over a wider range of Q 2 .
First, let us summarize the results of the studies of diffraction in DIS which were performed over last few years at electron-proton and proton-antiproton colliders and recust them in the form necessary for the studies of the nuclear shadowing phenomena.
The data obtained at HERA include studies of the diffractive structure functions in γ * + p → X + p scattering, production of dijets and charm in γ * + p scattering. The leading twist contribution appears to describe the data well except very close to the edge of the phase space where higher twist effects are important. So the factorization theorem for these processes [12] seems to hold for the studied Q 2 range, see [13] for the recent analysis. In essence, one introduces in this approach the parton densities for semiinclusive processes where proton is produced with a fixed light cone fraction 1 − x IP -this was first suggested in the framework of the Ingleman-Schlein model [14] .
In the practical applications an assumption is usually made that the shape of semiinclusive parton densities at small values of x IP is independent of x IP , that is it depends only on β = x/x IP and Q 2 . Hence for the sake of brevity we will refer to these densities as the parton densities in the Pomeron. 2 As a result one can define a diffractive parton density at given x as a convolution of the so called Pomeron flux factor, f p/IP (x IP ) and corresponding Pomeron parton density for example for gluons:
2 Note that in difference from the usual parton densities which are process independent the Pomeron parton densities may depend on the target, on the mass of diffractively produced system etc. In particular, for small masses M 2 ≪ Q 2 contributions of the higher twist to diffraction become important which are proportional to xG N (x, Q 2 ) 2 and hence lead to intercept of the effective "Pomeron" ≥ 1.20 [26] . In the analysis of [13] this kinematics was excluded from the fit. At the same time for M 2 ≫ Q 2 intercept should be more close to 1.08 familiar from the soft QCD interactions. These are particular illustrations of the deep difference between the QCD factorization theorem and Regge pole factorization [15] .
where x max is the maximal value of x IP for which diffractive picture still holds.
The important finding of the HERA diffractive studies that f g/IP (β) ≫ f q/IP (β) for a wide range of β. For example, in the best global fit of the HERA diffractive data [13] (fit D) :
Similar trend was observed in pp collisions, see review in [16] .
Let us consider probability of diffractive events (the rapidity gaps where proton remains intact) in the hard leading twist processes coupled solely to gluons. It can be defined as
Since this definition includes only the leading twist contribution into diffraction it effectively excludes the contribution of small masses to diffraction which could originate from high twist effects. Since at small x ∼ 10 −3 and Q 2 ∼ few GeV 2 the ratio of the quark and gluon densities is ∼
and f g/IP (β) ≫ f q/IP (β) one obviously expects
We estimate P g dif (x, Q 2 ) using the fit D of [13] . The analysis of [13] chooses the initial conditions for the DGLAP evolution at Q 2 0 = 4GeV 2 -see eq.2. We also take x max = 0.02 which is the highest x IP for which the one has enough sensitivity to the gluon density in the Pomeron. However for x ≪ x max the diffraction probability practically does not depend on the choice of x max . We find that
which is much larger than P q gap (x, Q 2 0 ) ∼ 0.12. Total probability of rapidity gap which includes double diffractive events(proton dissociation) is larger by a factor ∼ 1.4. This factor can be estimated assuming Regge factorization for t = 0 :
0.2 independent of the diffraction state X 1 , and taking into account that the slope of the t dependence in the double dissociation should be smaller by about a factor of two due to almost complete diappearance of the proton form factor in the proton vertex. However the cross section given by the HERA groups includes a small contribution of the proton dissociation of about 15% [17] . So effectively the scaling factor is smaller ∼ 1.25.
Thus in the gluon channel the ratio of total diffraction to total cross section reaches the value ∼ 0.4 which is not far from the unitarity limit of 0.5.
The QCD evolution leads to a decrease of this probability since at larger Q 2 many small x partons originate from "ancestors" at Q 2 0 with x ≥ x max which cannot produce protons with small
The large probability of diffraction in the gluon channel comparable to that in soft hadron interactions indicates that configurations involved have large interaction cross section. We can quantify this by using the optical theorem
to introduce the strength of interaction σ ef f as
σ ef f (x, Q 2 ) is the effective cross section characterizing within Gribov theory diffractive reascatterings of produced hadron system. cf eq.7. The results of the calculation are presented in Fig.1 for Q = 2GeV and x max = 0.02 the quark and gluon channels and show that σ ef f for the gluon channel is of the order 55 mb for small x and about 3 times 3 Note that experimental studies of the Pomeron gluon densities are performed either at large virtualities of Q ≥ 5GeV or via scaling violation of f q dif for Q ≥ 2GeV . So they cannot directly measure the large value of P g dif . 4 Here and below we neglect ≤ 5% corrections due to the real part of the amplitude since other uncertainties in the input are of the order 15 − −20%.
larger than for the quark channel. 5 Large value of σ ef f can be interpreted as is an indication that the interactions in the gluon channel is remaining strong up to much larger virtualities than in the quark channel. This matches rather naturally with the perturbative QCD pattern of a factor of 9/4 larger cross sections for color octet dipole -nucleon interaction than for the color triplet dipole-nucleon interaction. Now we are in a position to discuss the implications of the HERA diffractive findings for the gluon nuclear shadowing. In the limit of small nuclear densities and large nuclear radius for x ≪ x max the amount of shadowing is directly proportional to the differential probability of diffraction at t = 0:
where
is the usual nuclear thickness function and ρ A (r) is the nuclear density. For larger x IP one has to take into account the nuclear form factor due to the longitudinal momentum 5 Determination of σ ef f requires knowledge of the t-dependence of the diffraction. Experimentally it was measured for the process γ * + p → X + p only [18] and for relatively large
x IP ∼ 0.01. For this kinematics the fit of [13] decribes the t-dependence well. The fit also assumes the rate of the diffractive cone shrinkage ∝ exp(2α ′ ln(1/x IP )) with α ′ from the soft processes. This assumption seems natural since the energy dependence of diffraction is close to one observed for soft processes. Due to larger value of diffraction and hence larger value of σ ef f for the gluon channel the assumption of [13] that the slope for single diffraction in the gluon channel is at least as large as for the quark channel seems also very natural. One should however remember that this introduces an additional uncertainty in the results of calculations.
Overall our guess for the uncertainty in the value of the parameter σ ef f for 10 −4 ≤ x ≤ 10 −3 is about 20%.
transfer in the transition to the diffractive mass equal to m N x IP . However with our choice of x max = 0.02 this effect is small even for A ∼ 200. Eq.7 leads to the shadowing proportional to σ ef f :
and hence predicts a factor ∼ 3 larger shadowing for the gluon channel than for the quark channel. This is in line with expectations of [19] , though it differs from the pattern assumed in a number of the models, see e.g. for the recent summary [20] .
An important consequence of eq. 7 is that as soon as the experimental data of the diffraction can be used it allows for the deuteron target to take into account both the leading and the higher twist effects in the shadowing. This follows in particular from the applicability of the AGK cutting rules [21] for the scattering off nuclei. In particular, if the the higher twist effects due to interactions with two nucleons described by the Mueller and Qiu model [22] were important in the nuclear shadowing in the normalization point they should be manifested as well in the diffraction off a nucleon. So, as far as the diffraction is described by the leading twist factorization approximation, eq. 7 leads to the DGLAP evolution of the nuclear shadowing.
Due to large value of σ ef f for the gluon channel, deviations from eq.7 due to interactions with N ≥ 3 nucleons become large already for A ∼ 10. To account for these effects we address the Q 2 dependence of σ ef f . It basically reflects influx to small x of configurations which at a lower resolution corresponded to configurations with larger x and hence with small σ ef f . Configurations which interacted strongly at Q ∼ Q 0 interact strongly at large Q as well but they contribute smaller and smaller fraction of the total cross setion relevant for the shadowing phenomenon. This pattern is the same as in the QCD aligned jet model [2] . Since the gluon shadowing strongly reduces gluon densities already Q ∼ Q 0 the deviations from the DGLAP equations for Q ∼ Q 0 due higher order order terms in nuclear parton density originating from the average masses of the diffractively produced system should be smaller than in the model of [22] where shadowing at the starting scale is neglected. One can speculate of course that these effects have already occured between Q 2 ∼ 1GeV 2 and Q 2 = Q 2 0 . Higher twist effects are enhanced for the contribution of diffractively produced system with the masses M 2 ≪ Q 2 0 . This interesting question is beyond of the scope of this paper.
It is straightforward to take into account effects of the longitudinal momentum transfer in the diffraction [4, 11] . However as we demonstrated in [11] 
Since we have choosen x max = 0.02 we can safely neglect this effect in the following.
In this approximation to account for the fluctuation effects it is convenient to introduce the probability distribution over the strength of interaction in the gluon channel -P g (σ).
σ ef f is expressed in terms of P g (σ) as
We obtain:
where T (b) was defined in eq.8. Fluctuations lead to a decrease of shadowing effect as compared to the quasieikonal approximation. We will study them at length elsewhere.
However for characteristic σ ∼ σ ef f ∼ 55 mb the exponential factor in the nominator of eq.10 is very small for A ∼ 200 and small enough b a wide range of σ, leading to cross
A . This suppresses the contribution of large σ -nonperturbative QCD physics and therefore enhances the contribution of small σ-PQCD physics.
As a result of large absorption fluctuations near the average value of σ practically do not change the shadowing (for A ≤ 250) provided σ ef f is kept fixed. If, for example, we assume that P (σ) = aθ(σ − σ 0 ) the G A /G N would change even for heavy nuclei by less than 20%.
Besides, as we mentioned in the introduction the diffraction in the gluon induced channel without proton break up constitutes about 35% of the events at x ≤ 10 −3 . With inclusion of the proton break up it should be close to 50% which is maximum possible for the high-energy scattering and corresponds to the black body limit. Large contribution of small σ in dσσP g (σ) would imply that for scattering in a significant fraction of configurations the gap probability is much smaler than average. Hence some configurations would have to generate the gap events with a probability exceeding 50%, which is clearly unacceptable. This is one of indications for the problems for the applicability of DGLAP to describe ep scattering at HERA at low normalization point Q 2 0 . At the same time there is a natural mechanism in pQCD for the generation of a contribution of very small σ in dσσP g (σ). It comes from the QCD evolution. The partons at given x which originated from ancestors at lower resolution scale with x initial ≥ x max do no contribute to diffraction and hence effectively correspond to σ ∼ 0. This effect is especially pronounced in the models of QCD evolution with low normalization point like the GRV model [23] .
To estimate the sensitivity to this effect we will use two models. The first one is the quasieikonal without fluctuations. The second model is the fluctuation two-component model (to which we will refer to as a fluctuation model) which implements an extreem assumption that a fraction λ of the total cross section at given x originates from configurations with small cross section and the rest from the average ones. The second model is similar to the QCD aligned jet model of [2, 4] . It corresponds to
where σ 0 is fixed by eq.9 to
In this model probability of rapidity gaps in the soft component is increase by a factor
The requirement that the gap probability for for this component (including dissociation of the nucleon) does not exceed 50% puts an upper limit on λ. Taking into account uncertainties in the value of the total rapidity gap probability we estimate that λ ≤ 0.2.
So we will use λ = 0.2 in this model. Note that for small values of σ ef f ≤ 20mb and moderate values of λ the screening weakly depends on λ. Hence we will ignore this effect for the quark channel. For simplicity we will also assume that λ does not depend on x.
This assumption is reasonable for x ≤ 0.005 where σ ef f is large. For larger x the drop of the parameter σ ef f can be due to an increase of λ. However in this region we anyway have significant uncertainties due to the contribution of x IP ∼ x max . Thus the results in this x range can be considered simly as a smooth interpolation between the region of large shadowing and the region where shadowing disappears.
Obviously A → ∞ small σ in eq.10 would give the dominant contribution. However for large σ ef f and λ ≤ 0. (ii) To constrain the behaviour of the gluon density at x ≥ 0.02 in the normalization point we use the analysis of [5] which indicates that gluons in nuclei carry approximately the same fraction of the momentum as in a free nucleon:
This allows to estimate the amount of the gluon enhancement at x ≥ x max assuming that it should be concentrated at x ≤ 0.2 where average longitudinal distances (Ioffe distances) contributing to the parton density are comparable to the internucleon distances -this proceedure is similar to one we introduced in [5] .
(iii) Based on the rational presented above we use the DGLAP evolution equations to calculate the nuclear shadowing for larger Q 2 .
Since in this paper we are interested primarily in the behaviour of the nuclear gluon and quark densities at x ≤ 0.01 we are not sensitive to details of the enhancement pattern.
So we do not try to introduce an A dependent shape for the enhancement. We also do not model small enhancement for F 2A (x, Q 2 ) and V A (x, Q 2 ). 
for 0.02 ≤ x ≤ 0.2.) Shadowing decreases with Q 2 but remains large up to very large
The shadowing in the charged parton channel is much smaller and rather weakly decreases with Q 2 . In fact, at x ∼ 10 −4 shadowing for F 2a (x, Q 2 ) first increases with increase of Q 2 due to a larger shadowing in the gluon channel. Note also that eq.13 leads to a rather large enhancement of G A /G N for 0.05 ≤ x ≤ 0.2. However the enhancement is large already for A = 12. As a result a further growth of the enhancement between carbon and tin is of the order of 10% and it is well consistent with the analysis of the current data in [24] . The decrease of shadowing with increase of Q 2 is due to the feeding of the small x by partons which originated from x ≥ 0.02 at Q 2 0 . Effectively QCD evolution introduces fluctuations in the value of interaction strength. Therefore the use of eq.10 in the eikonal model with σ ∝ σ ef f defined at a high resolution Q 2 would lead to an overestimate of shadowing since cross section fluctuations lead to decrease of shadowing for the fixed value of σ ef f , see discussion in [11] .
Let us now briefly discuss some of the concequences of the found magnitude of the gluon shadowing.
The production of minijets is often considered as an effective mechanism of producing high densities in the head on heavy ion collisions. However in the LHC kinematics for the central rapidities minijets are produced due to collisions of partons with x jet = 2pt √ s NN . For heavy ion collisions s N N ∼ 4T eV and gluon-gluon collisions are responsible for production of most of minijets. Therefore the gluon nuclear shadowing would lead to a reduction of the rate of the jet production due to the leading twist mechanism by a large factor up to p t ∼ 10GeV /c, see Fig.5 where we give results of calculation in the eikonal and fluctuation models.
For the central impact parameters the reduction is even larger. It can be written as [25] :
Similarly we expect a very strong reduction of the heavy onium production due to gluon nuclear shadowing for y c.m. ∼ 0 and small p t . So we conclude that the shadowing effects are likely to reduce very substantially the parton denstities generated at the first stage of heavy ion collisons at the LHC energies.
Presence of large gluon shadowing leads to large effects in diffractive eA collisions at HERA energies. Here we consider the simplest example -coherent diffractive production of vector mesons at large Q 2 by the longitudinally polarized photons -γ * L +A → V +A, and photo(electro) production of heavy onium states. Since these processes are dominated by production ofin a small size configuration one may naively expect that color transparensy should hold for such processes and the amplitude of the process sould be proportional to A. However the QCD factorization for exclusive processes leads to the amplitude of this process been proportional to G A (x, Q 2 ) [26] . For small x and t
So we expect that the color transparency regime for x ≥ 0.02 with a small enhancement at x ∼ 0.1 due to enhancement of G A (x, Q 2 ) for these x) would turn to the color opacity regime for x ≤ 0.01. As an illustration in Fig.6 we present the ratio of the cross section of the J/ψ and Υ production off nuclei with A ∼ 200 and nucleon calculated under the assumption that the leading twist gives the dominant contribution in these processes. It is plotted as a function of x and normalized to the value of the ratio at x = 0.02. In the calculation we use the analysis of [27] which indicates that Q 2 ef f ≈ 5(40)GeV 2 for J/ψ(Υ) production. One can see from the figure that we expect onset of the Color Opacity regime for J/ψ starting at x ∼ 0.01. The Color Opacity effect remains quite significant for production of Υ. Other effects of large gluon shadowing include large multiplicity fluctuations in eA collisions dominated by hard coupling to gluons (for example in the direct photon production of two high p t jets), more strong filtering out of the gluon dominated diffraction than the diffraction dominated by the coupling to the quarks. We will present a detailed analysis of these phenomena elsewhere.
To summarize, we have demonstrated that dominance of the the gluons in the 
